Caramel dye IV (C-IV) is a synthetic organic product, does not present nutritional, ergogenic, or 25 technological factors, but leads to reactive oxygen species (ROS), causing damage to a wide range 26 of molecules, leading to cancer, cardiovascular and neurodegenerative diseases development. We 27 aimed to verify the effects of different doses of C-IV dye on the markers of oxidative stress in the 28 liver and kidneys from male Swiss CF-1 mice, divided into 4 experimental groups: control; C-IV 29 0.3g/kg; C-IV 1g/kg and C-IV 3g/kg. We found that 3 g/Kg of C-IV dye promote oxidative damage 30 in liver and kidney homogenates, evidenced by the increase of lipid peroxidation, reduction of free 31 SH groups, and higher ROS production. As a consequence, increased superoxide dismutase and 32 acetylcholinesterase enzymes activities were detected. These damages were confirmed through 33 histology images. These results indicate that daily doses might induce oxidative stress damages and 34 possible lead to chronic diseases development. 35 36
INTRODUCTION
Dyes are usual ingredients used in food products and generally do not have nutritional, study the effects of C-IV the i.g. route of administration was chosen since it is the most commonly 89 used way that this dye is consumed worldwide. 90 After 4 hours of administration of the different doses, the animals were anesthetized with 91 ketamine and xylazine for getting and separation of plasma through cardiac puncture and after 92 euthanized by cervical dislocation. Liver and kidneys were removed and separated immediately. 93 The experimental design is illustrated in Figure 1 . 3.4) and incubated at 90° C for 1 h. TBARS levels were measured at 532 nm (Spectrophotometer 103 Proanalysis, UV / VIS 190-1100nm UV-1600) using a standard curve of malondialdehyde (MDA), 104 and the results were reported as % of control 11 . 105 2.3.2 ROS production assay. 107 ROS generation was determined spectrofluorimetrically in liver homogenate using 108 2′7′dichlorodihydrofluorescein diacetate (H2DCF-DA) (1 mM). The oxidation of H2DCF to 109 2′7′dichlorofluorescein (DCF) is used as an index of the peroxide production by cellular 110 components 12 . Briefly, liver and kidney homogenates were added to the standard medium, and the 111 fluorescence was determined at 488 nm for excitation and 525 nm for emission, with slit widths of 112 3 nm. Oxidized dichlorofluorescein was determined using a standard curve of oxidized 113 dichlorofluorescein, and the results were expressed as oxidized DCF µmol/mg protein 13 . 114 115
Non-protein thiol measurement (NPSH)

116
To estimate GSH content, we determined NPSH as follows: 100 µL of 10% TCA was added to 117 100 µL of either the S1 homogenates of liver or kidney. After centrifugation (4,000 × g at 4°C for 118 10 min), the protein pellet was discarded and free -SH were determined in the clear supernatant 119 (which was previously neutralized with 0.1 M NaOH) according to Ellman (1959) 124 The activity of the CAT enzyme was determined according to the method proposed by Aebi 125 (1984) . Briefly, S1 aliquot (50 μL) was added to a medium containing potassium phosphate buffer 126 (50 mM; pH 7.4) and H2O2 (1 mM). The kinetic analysis of CAT was started after H2O2 addition, 127 and the color reaction was measured at 240 nm. One unit of the enzyme is considered as the amount tissue, was used and exposed to the water bath for 2 minutes at 30º C. Then, 50 μl of ATC 9 mM 143 and 50 μl of DTNB 6 mM were added for readings at 412 nm at the 0, 60 and 120 second times, 144 being represented by nmol of ATC min/mg. 
169
Means for a variable with superscripts without a common letter differ. No significant difference was observed in the CAT activity in the hepatic tissue ( Figure 5A ).
195
However, increased CAT activity was observed on the kidney at C-IV 3g/kg groups when compared 196 to the other groups ( Figure 5B, p<0 .0267). 204 We observed an increased SOD activity in the C-IV 3g/kg group when compared to the other 205 groups both on liver and kidney of mice ( Figure 6A , p<0,0013 and 6B, p<0.05). 
Superoxide dismutase (SOD) activity
Acetylcholinesterase activity 215
All C-IV doses induced an increase in AChE activity when compared to the control of the liver 216 ( Fig. 7A, p<0 .0001). On kidney, C-IV 3g/kg group increased AChE activity in comparison to group 217 control (Fig. 7B, p<0 .0055). In this study, we demonstrated that C-IV 1g/kg and 3g/kg promoted the development of 240 oxidative stress damages in mice tissues, represented by increased hepatic lipid peroxidation, reduction of NPSH groups and increased production of reactive species observed in renal tissue and 242 histological alterations in both liver and kidney. Besides, we demonstrated that C-IV is responsible 243 for activating the antioxidant defense system, represented by the increased activity of the enzymes 244 catalase, superoxide dismutase and acetylcholinesterase on mice liver and kidney, but no effects on 245 oxidative stress markers.
246
C-IV dye production process is characterized by the presence of nitrogen and sulfur in their 247 manufacture chemical reactions, and its production leads to the high molecular weight constituents 248 (HMW) formation (responsible for color differentiation) and low molecular weight constituents 249 (LMW) formation (responsible for unintentional substances such as 4-methylimidazole (4-MeI)) 5 .
250
The effects of oxidative damage after C-IV administration here may be associated with 4-MEI, also 251 classified as a human carcinogen and the most potent neurotoxic substance by the International
252
Agency for Research on Cancer 22 .
253
In this sense, mice treated with 4-MEI at 100, 130 and 160 g/kg presented a higher percentage 254 of chromosomal mutations after 12 hours and 24 hours after 4-MEI exposure, indicating that 4-MEI 255 is genocytotoxic to mice 23 . Besides, studies evidenced increased neonatal mortality in rodents 256 treated with C-IV, the formation of full moon neoplasms 6 , tissue pigmentation alteration, and 257 changes in body weight, in urine and hematological examinations 10 .
258
The higher ROS production, especially hydrogen peroxide and superoxide, may be due to the 259 mediation of cytochrome P450, which is recognized for promoting this increase 24 , since 4-MEI has 260 a structure very similar to 2 and 3-methylfuran which has the cytochrome P 450 protein after its 261 metabolism 25 . Similarly, high doses of paracetamol following cytochrome P450 metabolism 262 generates a toxic metabolite known as N-acetyl-p-benzoquinoneimine, that can be conjugated with 263 reduced glutathione and depleting its hepatic stores 26 . We suggest that the cytochrome P450 264 pathway may be activated at high doses of C-IV due to the presence of 4-MEI, which is structurally 265 similar to 2 and 3-methylfuran and has cytochrome P450 metabolism. Collaborating with this hypothesis, we demonstrated here that higher doses of C-IV are highly toxic through increased 267 hepatic lipid peroxidation and may damage cell membranes, altering their structure and 268 permeability 27 .
269
In addition, glycotoxins, or lipid peroxidation products, promote the formation of advanced 
280
The deleterious action of free radicals can be inhibited and/or reduced through the activation of 281 the antioxidant defense system, maintaining the cellular homeostasis, preventing the amplification 282 of the damages. According to our study, we demonstrated that C-IV was able to induce an increase 283 in antioxidant enzyme defense system, represented by SOD, CAT, and acetylcholinesterase in the 284 analyzed tissues 31 . However, despite the antioxidant system modulation, it was not sufficient to 285 prevent or blunt the oxidative damages induced by C-IV administration.
286
This oxidative stress damage could be observed by histological analysis in both liver and kidney 
293
This way, we point out that this is a critical study, since if we use a dosage conversion factor 294 between human x micemethod that applies an exponent for body surface area, which account for 295 difference in metabolic rate, to convert doses between animals and humans.-the highest dose use 296 here is about to 30 fold lower than the RDA for humans 32 . So, this highlight the relevance of our 297 study, since low doses, even those below RDA, are causing many tissues damages and oxidative 298 stress development.
299
Finally, it is known that AGEs production might lead to an inflammatory process 30 , so, there is 300 a high possibility that C-IV might lead to an inflammatory process, by increasing cytokines and 301 triggering specific inflammation receptors 30 . This hypothesis will be investigated in future studies 302 from our group.
303
In conclusion, our study showed for the first time that high dose of Caramel Dye IV promotes 304 effects on the oxidative profile, demonstrated by increased levels of TBARS in the liver, renal ROS 305 production and NPSH reduction, given the potential cytotoxic effect of the same, since it possesses 306 in its composition the substance 4-MEI, already being recognized for its harmful effects through
